Abstract In this paper authors present two cases of multiple schwannomas without the features of neurofibromatosis (NF). The authors retrospectively reviewed the hospital charts, radiology films, operative notes and pathology slides of these two patients. There was no family history of neurofibromatosis. The two patients had contrast enhanced MRI, which was negative for vestibular schwannomas. Both underwent surgical excision of symptomatic lesions. Histopathology confirmed these lesions as schwannomas. Molecular genetic analysis in case 1 demonstrated two distinct mutations of the NF2 gene in two different schwannomas, with concomitant loss of heterozygosity in both tumours. In contrast peripheral blood lymphocytes did not reveal mutations of NF2. The authors recommend surgery for symptomatic lesions. Asymptomatic tumours can be monitored. Regular follow up is essential as they may develop fresh lesions at any time. The relevant literature is discussed.
Introduction
Schwannomas are benign, slowly growing, encapsulated peripheral nerve tumours. Both schwannomas and neurofibromas originate from the insulating coverings of the nerves. Schwannomas are very homogenous tumours and consist of only schwann cells. They develop on the outside of the nerve, but may push it aside or against adjacent structures causing damage [4] . Neurofibromas are very heterogeneous tumours, which incorporate a mixture of proliferating nerve sheath cells probably arising from perineural fibroblasts [10] . They infiltrate the nerve and displace the individual nerve fibres. Some schwannomas may be cellular and may mimic sarcoma in histological appearance. However, the prognosis is the same as that of benign schwannomas [10, 33] . Most schwannomas occur as solitary lesions and may affect one or more nerves [1] [2] [3] 11] . The presence of multiple schwannomas in a single patient suggests tumorogenesis and a possible association with one of the several syndromes, most commonly associated with neurofibromatosis type 2 [7] .
Patients with schwannomatosis develop multiple schwannomas on cranial, spinal and peripheral nerves, but they do not develop vestibular schwannomas (VS). They do not develop other tumours such as meninigiomas, ependymomas or astrocytomas [14, 25, 29, 30, 32, 34] . Patients with schwannomatosis usually present with pain [14, 16] whereas NF2 patients present with neurologic deficit [5] . Presence of myxoid stroma, nerve oedema, or an intraneural growth pattern on histology supports the diagnosis of schwannomatosis [24] . Molecular and genetic analysis also suggests that schwannomatosis is a distinct genetic and clinical syndrome [13, 29] .
Materials and methods
We retrospectively reviewed the hospital charts, operative reports and histopathology of two patients who had two or more pathologically proven schwannomas. There was no family history of neurofibromatosis. Both had Gadolinium enhanced MRI scans of the brain, which revealed no evidence of VS. Ophthalmologic and general examination did not reveal features suggestive of NF2. Both underwent surgery for symptomatic lesions. The overall features of the two patients are presented in Table 1 . Literature for review was identified by searching Pub Med.
Case reports

Case 1
A 25-year-old gentleman underwent excision of three schwannomas over a span of 11 years. He first underwent surgery at age 14 for a neck swelling. Histopathology confirmed as schwannoma. He presented in 1998 with backache and radicular pain in his left leg with minimal weakness. MRI scan demonstrated welldefined intradural lesion at L2 enhancing with gadolinium. Cervical and thoracic MRI was normal. He underwent excision of the tumour and histopathology was confirmed as an schwannoma (Fig. 1) . Following surgery his pain subsided and the power in the left leg improved to normal. Gadolinium MRI of the lumbar spine at 1 year showed total excision. Cervical, thoracic and cranial MRI were normal. Annual Brain stem auditory evoked potentials were also normal. In 2003 he had MRI of the thoracic spine due to pain in the midthoracic region. MRI scan demonstrated a small enhancing intradural lesion at T6 level. Since the lesion was small with no cord compression, surgery was not advised and he remained under review. In August 2004 he presented with right scapular pain radiating to the mid thoracic level and also pain in the right arm. MRI scan of the thoracic spine showed an increase in the size of the lesion (Fig. 2) . He underwent total excision of the intradural lesion. Histopathology confirmed a schwannoma. He did not have any cutaneous markers for neurofibromatosis. Ophthalmologic examination was normal. There was no family history of neurofibromatosis. His cranial MRI was normal. BAEP were normal. NF2 mutation screening results are summarised in Table 2 .
Case 2
This 37-year-old gentleman presented in 1994 with back pain and pain in his left thigh, of 6 months duration. He had some difficulty with micturition prior to surgery. MRI scan demonstrated an enhancing intradural extramedullary lesion at L2 (Fig. 3) . He underwent complete resection of the tumour in March 1994 with a diagnosis of schwannoma. Post surgery he made a good recovery. Postoperative scans after 1 year showed two small intradural lesions at L2 and L5/S1 (Fig. 4) . Cranial MRI was normal. These lesions were followed up with yearly MRI studies. He did not have cutaneous or ophthalmologic markers of NF2. BAEPs were also normal. He had a further MRI scan in 1998 when he presented with difficulty in walking and numbness in his legs. MRI scan demonstrated a large enhancing intradural lesion at T2/3 level. He underwent complete resection of this lesion. Histology confirmed a schwannoma (Fig. 5 ). Post surgery he made an excellent recovery and was able to walk unaided. Postoperative scan a year later showed a small new enhancing intradural lesion at the T11 level (Fig. 6 ). In 2002 he developed small cutaneous lumps in his right thigh (1 cm) and right axilla (5 mm). In 2004 he developed another small swelling on the left side of the neck lateral to trachea and deep to sternocleidomastoid muscle. His small asymptomatic lesions in thoracic and lumbar spines are being followed with yearly MRI studies. There was no family history of NF1 or NF2.
Discussion
Of the several subtypes of neurofibromatosis described in the literature, only neurofibromatosis type 1 (NF1) and neurofibromatosis type 2 (NF2) have recognised National Institute of Health (NIH) consensus guidelines for diagnosis [18, 19] . NF1 is the most common with an estimated incidence of 1/2500 at birth, representing more than 90% of all neurofibromatosis patients [8, 20, 26] . NF2 arises from sporadic de nova mutations in more than 50% of patients [22] . The NF2 gene was characterised from chromosome 22 q12 [27, 31] . It is a tumour suppressor gene spanning 110 kb and comprises of 16 constitutive exons and one alternative spliced exon [28] . The NF2 gene product is named as merlin. Merlin has structural similarity to a family of proteins that link the actin cytoskeleton to cell membrane glycoprotein [9] . Schwannomatosis was first reported in 1973 as neurofibromatosis type 3 [21] . Multiple cutaneous and spinal schwannomas, without acoustic tumours or other signs of NF1 or NF2, is characteristic. Multiple schwannomas in the same individual may suggest neurofibromatosis type 2 [7] . Two-thirds of NF2 affected individuals will develop schwannomas and they may precede vestibular tumours. Various authors have reviewed reports of individuals with multiple schwannomas who do not show evidence of VS or other features of NF2 [5, 14, 17, 23] . They suggest that schwannomatosis is distinct from other forms of neurofibromatosis.
Evans et al. [6] reported five families with schwannomatosis inherited in an autosomal dominant pattern. They had multiple skin and spinal schwannomas without vestibular tumours. Member of a sixth family who initially appeared to have schwannomatosis developed bilateral acoustic neuromas and were later classified as having NF2. He noted difficulty in distinguishing the two disorders and suggested that young patients with multiple schwannomas may have a variant of NF2.
Currently, there are no NIH diagnostic criteria for schwannomatosis. Jacoby et al. [13] proposed clinical criteria for the diagnosis of schwannomatosis. They suggested two or more pathologically proven schwannomas and lack of radiographic evidence of vestibular tumours at age more than 18 years could be taken as evidence of definite schwannomatosis. If MRI of the brain is not available then a probable or presumptive diagnosis may be made if the patient has two or more pathologically proven schwannomas and no clinical symptoms of eighth nerve symptoms at age greater then 30.
Michael et al. [18] proposed modifications that increase the specificity of schwannomatosis diagnostic criteria. According to these authors all patients with definite or possible schwannomatosis must not fulfil any of the existing criteria for NF2 and have no evidence of VS on high quality MRI scan, no first degree relative with NF2 and no constitutional NF2 mutations. The first criterion for definite schwannomatosis is fulfilled if the patient has two or more non-intradermal schwannomas, is older than age 30 years, lacks evidence of VS on high quality MRI scan and does not have a known constitutional NF2 mutation [16] . The second criterion for definite schwannomatosis is fulfilled if an individual has a first degree relative with definite schwannomatosis and has one or more pathologically confirmed non-VS schwannomas, without reference to the patients age, MRI scan results, or results of NF2 mutation testing.
Patients with schwannomatosis represent a very small fraction of patients with spinal or peripheral schwannomas who are managed neurosurgically. Seppala et al. [29] reported an incidence of 3.7% in their series. Haung et al. [12] reported an incidence of 4.6% in their series. These patients commonly undergo multiple operative procedures. They usually present in there fourth decade [12, 29] unlike NF2 patients who present at an earlier age [5] . In this report one patient presented in the second decade and the other in his third decade.
Various authors have studied the molecular genetics of schwannomatosis. Jacoby et al. [13] examined the NF2 locus in 20 unrelated schwannomatosis patients and their affected relatives. They found that the tumours showed typical truncating mutations of the NF2 gene and loss of heterozygosity of the surrounding region of chromosome 22. They found that unlike patients with NF2, no heterozygous NF2 gene changes were seen in normal tissues. In the present report genetic analysis was available for case 1. Lymphocyte DNA did not reveal any NF2 mutation but the tumour DNA showed loss of heterozygosity and mutations of NF2 gene (Table 2) . MacCollin et al. [15] studied 28 schwannoma specimens from 17 affected individuals. They identified 20 different somatic mutations in the NF2 gene, 18 of which were truncating mutations. None of the mutations detected in tumour specimens was detected in paired blood specimens. No tumours were found to have two mutations in the NF2 gene. He concluded that schwannomatosis is a distinct entity from neurofibromatosis 2 and that the NF2 region is not the genetic locus responsible for familial schwannomatosis.
Conclusions
Schwannomatosis is a disorder distinct from neurofibromatosis. Most symptomatic schwannomas can be removed surgically. Asymptomatic tumours can be monitored conservatively with serial MRI studies, usually at a yearly interval. It is important to consider genetic testing. Molecular diagnosis rules out NF2 and appropriate genetic counseling can be offered. Patients are advised to monitor themselves for any new neurological problems. Regular and long-term follow up is essential as they may develop fresh lesions at any time
